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SOMEEFFECTSOF SWEEPANDASP~T RATIOON THETRANSONIC

FLUTTERCHARACTERISTICSOF A SERIESOF THINCANTILEVER

WINGSHAVINGA TAPERRATIOOF 0.6

W JohnR. UnangstandGeorgeW. Jones,Jr.

SLMMARY

Am investigationof thefluttercharacteristicsof a seriesof thin
cantileverwingshavingtaperratiosof 0.6hasbeenconductedin the
LangleytransonicblowdowntunnelatMachnumbersbetween0.76 and 1.42.
Theangleof sweepbackwasvariedfrcm0° to 600on wingsof aspect
ratio4, smdtheaspectratiowasvariedfrom2.4to 6.4 ohwingswith45°
of sweepback.Thisinvestigationrepresentsan extensionandreanalysis
of a similarinvestigationreportedin NACARM L53G10a.Theprevious
dataarepresentedagainin thispaper. Morerecentlyobtaineddatafor

. someof thewingsarealsopresentedas wellas dataforsm additional
sweepsingleof 30°.

J
Theresultsarepresentedas ratiosbetweentheexperimentalflutter

speedsandthereferenceflutterspeedscalculatedon thebasisof incom-
pressibletwo-dimensionalflow. Theseratios,designatedtheflutter-
speedratios,aregivenas functionsof bk,chnumberforthevariouswings.
The flutter-speedratioswerecharacterized,in mostcases,by valuesnear
1.0at subsonicspeedswithlargeincreasesin the speedratiosin the
range of supersonicspeedsinvestigated.ficreasingsweepeffected
increasesin theflutter-speedratiosbetween0° and30°followedby pro-
gressivereductionsof the speedratiosto nearbJ1.0as the sweepwas
increasedfrom30°to 60°. Reducingtheaspectratiofrom6.4 to 2.4
resultedin progressivelylargervaluesof the flutter-speedratiosthrough-
outtheMachnumberrangeinvestigated.The additionaldataobtainedin
thisinvestigationsubstantiallycorroboratethetrendsestablishedin
NACARML53G10a.

INTRODUCTION
●

k
Severalflutterinvestigationshavebeenundertakenin the Lamgley

transonicblowdowntunnelin orderto provideexperimentaldataon wing
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flutterin thetransoni.c
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speedrange. Theresultsof=twoof theseinves-
tigationsarereportedin references1 and2.

Thepresentinvestigationrepresentsan extensionandreanalysisof
the investigationof reference2. Sincethecurvesshowingthevariation
of flutter-speedratio(ratioof experimentalto calculatedflutterspeed)
withMachnumberforsomeof theplanformsof reference2 weredefined
by onlya fewpoints,moredetaileddatawereobtainetforthesepla
forms. An additionalplanforhof aspectr~.tio4 with30°of sweepback
wastested.Boththenewdataandthedatacontained‘inreference2 are
presentedherein.All of theexperimentalflutterrecordsuponwhich
theresultspresentedin reference2 wereb=sedhaveb~enreexsainedto
insureuniformityof definitionof allflutterpoints,-particularlythose
pointswheretheexactstartof flutterwas somewhatobscure.As a con-
sequence,someof thedatapresentedin thispaperdif$erin detailfrom
thosegivenin reference2. As suggestedin reference2, additional
modeswereemployedin thecalculationsof thereferenceflutterspeeds
forsomeof thewingplanforms. ,.

Theplanformswhichweretestedforthisinvestigationconsisted--
of wingsof aspectratio4 withsweepbackariglesof 0°,30°,4!5°,and60°.
Datacontainedin reference2 fortheseplar-forms,forplanformswith
45° sweepbackandaspectratiosof 2.4and6.4 (erroneouslygivenas
aspectratiosofo2and6 in reference2),andfortheplainformof aspect

ratio~ with5+ of sweepbackarealsopresentedin t%.ispaper. All

thewingshada taperratioof 0.6andairfdl sectionsapproximately
4 percentthick. Theresultsarepresentedovera Mac3numberrange

A

a

from0.76 to 1.42.

SYMBOLS

aspectratioincludingbodyintercept,

distanceperpendicularto quarter-chord
chords,frommidchordto elasticaxis

‘g
b

br

rearward,2X0 - 1

geometricaspectratio,

half-chordperpendicular

half-chordperpendicular

(ExposedSpSJ-J)2

M
Area

Hne in wingsemi-
pofiition;”positive J—

Exposedarea

to quarter-chord

to quarter-chord

fine,ft d

lineat inter- V’sectionof quarter-chordlineandwingroot,ftv--
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A b6 half-chordmeasuredstreamwiseat intersectionof wingroot
andfuselage,ft

v
c wing

Cr wing

Ct wing

chordperpendicularto quarter-chordline,ft

rootchordperpendicularto quarter-chordline, 2brjfit

tipchordperpendiculartoquarter-chordline,ft

fhi measuredcoupledbendingfrequencies,cps (i.= 1, 2, 3)

fbi uncoupledbendingfrequencies,Cps (i= 1, 2)

ft measuredcoupledtorsionfrequency,CPS

fa uncoupledfirsttorsionnaturalfrequencyrelativeto elastic

%

Ia

k

1

axis, ft

2 1/2

()]
xa
~

1- 9 (exceptfor245wing),cps

bendingstiffness,lb-in.2

tbrsionstiffness,lb-in.2

structuraldsmpingcoefficient

structuraldampingcoefficientinbending

structuraldampingcoefficientin torsion

massmomentof inertiaof wingsectionaboutelasticaxis,
slug.ft2/ft

reducedfrequency,bu)/V

lengthof wingpsmelsoutsidefuselage,measuredalong
qmrter-chordline,ft

Machnumber

massof wingperunitlengthalongquarter-chordline,
slugs/ft
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dynsmicpressure,lb/sqin.
*

nondimensionalradiusof ~ation of wingsectionperpendic- V
* 1/2

(b)ularto quarter-chordlineaboutelasticaxis, I& b

streamvelocity,fpS —

componentof streamvelocitynormalto quarter-chordline,fps—

flutter-speedratio

distanceof elasticaxiiof wingsectionbehindleadingedge,
percentchord

—

distanceperpendicularto quarter-chordlinein semichords
fromwingelasticaxisto wtig-sectioncenterof gra~itYj
positiveforcenterof gravitybehindelasticaxis

nondimensionalcoordinatealongquarter-chordline,measured
fromintersectionof quarter-chordlineand fuselage,
fractionof length 1

massratio,at ~ = 0.75 station,m/fipb~

taperratio,
Tipchord.

Chordin planeof symmetry

angleof sweepbackof qusrter-chordline}deg

.

alrdensity,s~Ugs/c~ft

angularfrequencyof vibration,radbna/sec

angularbendingfrequency,radians/see
(
%(fhi,~fb

i)

angularuncoupledtorsionfrequency,rad~s/sec (2fifa)

semichordratio, b/br,normalto quarter-c-herdline,
1- q(l - Panel k)

Subscripts:

e experimentalvalues T

R calculatedvalues(correspondsto subscriptA inref. 4) .4

-“
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MODELS

ModelGecmetry

Themodelsemployedin thepresentinvestigation,togethertiththe
modelsof reference2, representa seriesof sevenwingplanforms
varyingin sweep~d aspectratio. Fiveof theplanformshad aspect
ratiosof 4 andsweepbackof thequarter-chordlineof 0°,30°,45°,
52~0, and60°. Theothertwoplanformsweresweptback45° at the

q~rter-chordlinesandhad aspectratiosof 2.4and6.4. All wingshad
taperratiosof 0.6. AllwingshadNACA6~004 streamwiseairfoilsec-
tions,exceptthewingwithaspectratio4 and sweepbackof 60°which
was approxirmtely5 percentthick. The ratioof stingdiameterto wing
spanvariedfrom0.31fortheaspect-ratio-2.4wingsto 0.18forthe
aspect-ratio-6.4wings. Drawingsof thevariousplanformstestedare
presentedin figure1. Eachof theplanformsis designatedby a three-
digit numiber;the firGtdigitrefersto theaspectratioto thenearest
integerandthe lasttwodigitsreferto theangleof sweepbackto the
nearestdegree.For exqle, thewingof aspectratio4 with45° of
sweepbackis designatedas the445wing.

MaterialsandConstruction
.

Thebasicmaterialusedin theconstructionof themodelstestedin
thepresentinvestigation,withoneexception~s ComPregwoodja l~i-

2 nated,compressed,resin-impregnatedmaple. The4CDwingwasmadeof
solidCompreg.The430winghada solidCompregcorewrappedwitha
0.006-inchlayerdf Fiberglas.Theconstructionof the445wingwas
changedfromthe solidCompregusedin reference2 to a solidCompreg
corewrappedwitha 0.006-inchlayerofFiberglas.Thiswasdonein am
attemptto assuretheattainmentof flutterin the tunneloverthe
desiredMachnunberrange. Allbut oneof the46owingshada solid
Compregcorewrappedwitha 0.018-inchlayerof Fiberglas.One46owing
wasmadeof solidaluninumalloyandwasperforatedwitha seriesof
holesdrilledthroughthewingto achievethedesiredstiffnessdistri-
bution. Theseholeswereuniformlydistributedoverthewingplainform
andwerefilledwithrubberin orderto obtaina continuouswingsurface
withoutappreciablyalteringthe stiffnessesof theperforatedwing
(ref.3).

The245wingof reference2 had a taperedsparof pine2 percent
thick,withthegraindirectionparallelto the quarter-chordline. This
sparwas sandwichedbetweentwolayersof balsa1 percentthickwiththe

—
.

graindirectionparallelto theairstresm.The452wingof reference2
hada solidCcxnpregcorewrappedwitha 0.006-inchlayerof Fiberglas.

2 me 645wingof reference2 w

-“”esim”



6

ThewingswhichwerewrappedwithFiberglaswere
to wrappingin orderto obtainthedesiredthictiess,

NACARM L55113a

madeundersizeprior .5
but thestreamwise

airfoilsectionsof the46owingsaverageda maximum-thicknessof 5 per- .~
centinsteadof theintended4 percentafterbeingcoveredwithFiberglas.

PhysicalParameters

Elastic-axislocation,sectioncenter-of-gravitylocation,struc-
turaldampingcoefficientin bending,spsmwisedistrib-utionsof massand
massmomentsof inerti’a,smdthefrequenciescorrespondingto thefirst
three,smd in somecasesfour,naturalmodesof vibrationweremeasured.
Theelastic-axislocationswereobtainedby determining,as nearlyas
possible,thechordwisepositionat whicha concentratedbendingload
producedno twistin thewing. Forthedeterminationof theelastic-axis
locations,eachwingwas clampedalonga lineperpendicularto the
quarter-chordlineandpassingthroughtheintersectionof thewing
trailingedgeandtheroot. Themass,center-of-gratitylocations,and
massmomentsof inertia(orradiiof gyration)wereobtainedfromstrips
of eachwingcutperpendicularto thequarter-chordltie. Thestructural
dampingcoefficientsweredetemninedfromthedecrementof freebendfng
vibrationsin stillair. Naturalfrequenciesweredeterminedfromforced
vibrationtestsof thewingsrigidlymountedon a massivesteelbench.
A moredetaileddescriptionof themethodsofmeasurementof theseparam-
etersis givenin reference2.

Valuesof thegecmetricandphyeicalpropertiesof themodelsare
foundin table1. Foreachplanformonlyonereprese~tativesetOf
physicalparameters,withtheexceptionof thenaturalfrequencies,is
presentedforeachtypeofmodelconstruction.Eachplanformof refer-
ence2 whichis includedin thispaperis designatedby reference2 and
representativevaluesof thenaturalfrequenciesof themodelsof each
planformaregiven.

..>

.,

In additionto theaboveproperties,measurementsweremadeof th&
spanwi.sevariationof thebendingandtorsionalstiffnesses,EI and Gf,
for someof themodels. Themethodofmeastiementis describedin refer-
ence3. Theresultsof thestiffnessmeasurementsare.givenin figures2
to 7. In thesefigures,thesymbolsshownunderMeasurementindicateeach
attemptat measurementof thatparticularstiffnessandthusthevari-
ationsbetweensymbolsindicatetherepeatabilityof themethod.
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APPARATUSAND TESTS

WindTunnel

TheLangleytransonicblowdowntunnel,whichwasusedforthese
tests,is equippedwitha slotted,octagonaltestsectionwhichallows
thetunnelto operatefromsubsonicspeedsthroughandabovesordespeed
to a Machnumberof about1,45. A planviewof thetunnel,witha model
install@d,anda cross-sectionalviewof thetestsectionwe shownin
figure8.

A variableandcontinuousregulationof theairflowis allowedby
a setof threeplugvalves,locatedbetweena high-pressurereservoir
andthetunnel, whichareoperatedby a singlecontrol.A quick-operating
mechanismclosesthevalvesin approximately1/2second.

Thetest-sectionMachnumberis controlledby thevalveopening,
whichgovernsthe sta~ationpressure,andby thesizeof theorifice
plateinstalleddownstreamof thetestsection.Whenchoked,am orifice
permitsa specifictest-sectionMachnumberto be maintainedas the
stagnationpressure,andhenceairdensity,isvariedfrm thevalueat
whichtheorificechokesto themaximumdesignpressure,E poundsper
squareinch. Sincetheoccurrenceof flutterdependson airdensityas
wellas velocityandMachnumber,thistechnique,alongwithProperm~el

. design,permitsflutterto be obtainedthroughouttheMachnumberrange
on thesamemodel. Figure9 showsthevariationof dynamicpressureas

2 a functionof test-sectionMachnumberforthreeorificeplates. A suffi-
cientnumberof orificeplatesareavailableto chokethetunnelovera
Machnumberrangebetween0.85and1.4inMachnumberincrementsof
approximately0.06. Thetunnelmaybe chokedatMachnumbersbelow0.85
by attachinginsertsto theO.@ orifice.Machnumbersaboveapproxi-
mately1.4areobtainedby bleedingoffpartof theairin thetanksur-
roundingtheslottedtestsection.It shouldbe notedthatthetest-
sectionvelocityis notuniquelydefinedby theMachnumberbecauseof
thevariationof tunnelstagnationtemperaturewithinitialreservoir
conditionsandexpansionin thereservoirduringeachrun. Thetunnel
is equippedwitha viewingscreen,not shownin figure8, whichallows
observersto watchthemodelthroughoutthetunneloperation.

SupportSystem

Thewingsweremountedat 0° singleof attackon a 3-inch-diameter
cylindricalstingfuselage.A fixedwingrootconditionwas obtainedby. mountingthewingwithclose-fittingfillerblocksamdfour3/8-inch
bolts. Figure10 showsa fluttermodelmountedon thestingfuselage.

2 Thefuselagenoseextendedintothesubsonicflowregionof thetunnel



8 NACAFM L53113a

.

entranceconein orderto preventtheformationof a bow shockwaveand
itsassociatedreflectionfromthetunnelwallsontothemodel. The
supportsystemwas consideredto forma rigidmountsincethemassof
thesystemwasverylargecomparedwiththemassof a model. Themeasurd
fundamentalbendingfrequencyof thesupportsystanwas approximately
15 cyclesper second.

Itwillbe notedin figure10 thattherewas a smallbumpin the
stingfusekgebehindthemodel. Theshockwavewhichfomnednearthis
bumpat transonicspeedsrosy,fora limitedMachnumberrange,have
crossedtheouterportionsof themorehighlysweptwings,notablythe
46owings. Theabsenceof anyconsistentirregularitiesin theexperi-
mentaldata,however,suggeststhatthepresenceof thisshockwavehad
a negligibleeffecton theresults.

Instrumentalion

Eachmodelwas instrumentedwithstrain gages externallymountedon
thewingneartherootandorientedso as tQ distinguishbetweenwing
bendingandtorsiondeflections.However,thegagescouldnotbe oriented
so as to eliminatecompletelycrosscouplingbetweenthebendingand
torsionsignals.Thestraingageswereusedto providean indication.of
thestartof flutterandto obtaina recordof thefrequencyofwing
bendingandtorsionoscillations.

Duringthetests,a multichannelrecordingoscillographwasusedto
makesimultaneousrecordingsof thestrain-gagesignals,tunnelstagnation
pressureandtemperature,andtest-sectionstaticpressure.A sample
testrecordis givenin figure11 inwhichthestartof flutteris shcmn
by thechangein thewingoscillationsfroman irregularformto a near
sinewave,thesmplitudeofwhichrapidlyincreased.Ruringthemore
recenttests,the~train-gagesignalsof eachwingwerefedintoa
cathode-rayoscilloscope,thebendingsignaleto thev’erticalaxis,and
thetorsionsignalsto thehorizontalsxis. A simpleclosedgeometric
patternresultedat flutter,andthusaidedthemcdel.observerin deter-
miningthestartof flutter.

i

—

9

A high-speed,16-mmmotion-picturecsmera(approximatelyl,OCClframes
per second)wasusedto obtaina visualrecordofwingdeflectionduring
someof thefluttertests. Thesefilmsservedas an aidin definingthe
modeshapeandmagnitudeof flutter.

Tests

Theobjectivesof thewind-tunneltest
thefluttercharacteristicsof eachwingat

—

progmm wereto determine
0° angleof attackfor

Q
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severaltransonicMachnumbers.The procedurefollowedin obtaining
modelflutterat a particularMachnumberwa6to increasethe stagnation. pressuregraduallyuntilflutterwas seenby an observerviewingthe
model. The stagnationpressureand,consequently,Machnumber,werethen
heldconstantfora briefintervalat initialflutterconditions,after
whichtheairflowwas quicklystoppedin an effortto savethemodel
fromdestruction.Smalladjustmentsin angleof attackweremadewhen
necessaryin orderto trimthemodelsto the zero-liftcondition.

NIBTHODSOF ANALYSIS

GeneralConsiderations

A trueindicationof the effectsof plan-formvariationon the
flutter6peedin thetransonicMachnumberrangecannotbe obtainedfrom
a simplecomparisonof experimentalflutterSpeed6.Becauseof the oper-
atingcharacteristicsof thetunnel,the density,andhencemassratio V,
variedforthe differentMachnumbersat whichflutterwas obtained.Fur-
thermore,thetorsionalfrequency~ as wellas the nondimensional
Par-eters %) a, ra,and ~/~ variedforthe differentplanforms
and,in somecases,forthe differentmodelsof the ssmeplanform. There-
fore,in an effortto separatethe effectsof plan-formandMachnumber
variationfromthe effectsof theseothervariables,theresultsarepre-.
sentedintheformof a ratioof experimentalflutterspeedto calculated,
or reference,flutterspeed Ve/VR as a functionof Machnumber(asset

d forthin ref.4) forthevariousplanformstested.

ReferenceFlutterSpeed

Themethodof calculatingthereferenceflutterspeedsisthe same
as thatemployedin reference2 whichwasbasedon thetypeof analysis
of reference4. Briefly,theprocedureas appliedin thispaperemploys
two-dimensionalincompressibleaerodynamiccoefficientsin a Rayleigh-
typeanalysisinwhichthefluttermodeis approximatedby the super-
positionof uncoupled,freevibrationmodesof a uniformcantileverbeam.
The aerodynamiccoefficientsareba6edon the componentof the free-stresm
velocitynormalto the quarter-chordline. The spanwisederivativeof
thevelocitypotential,appearingin themethodof reference4, hasbeen
neglected.

The effectivetingrootandtiparedefinedinthe presentanalysis
as theperpendicularsto the quarter-chordlineat the intersectionsof.
the quarter-chordlinewiththeactualrootandtip,respectively.

v

a
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Thevaluesof k wereweightedalong
thewingtaper,andthe spanwisevariation

NACARM L55113a

.

the spanin accordancewith
of theTheodorsenfunc- ~.

tions ~(k)-and G(k) w~reapproximatedby a straightlinebetween
the rootandtipvalues.The solutionof theflutterstabilitydeter-
minantwas obtainedin theformof the structuraldampingcoefficientg
&S a functionOf Vn/b~. The structural”dampingcoefficientusedwas
thatmeasuredinbendingwiththeassumptionthat ~ = ~ = g.

The VR calculationsof reference2 werebased–ona fluttermode —
approximatedby theuncoupledfirstbendingandfirst-torsionmodesof
a uniformcantileverbeam. Thesecalculationsresul~edin flutterspeed
ratioswhichwereconsiderablybelow1.0in the subsonicandlowsuper-
sonicspeedrangeforwingswithrelativelyhigh l/Cr ratios.Exam-
inationof motionpicturesshowingthemodeshapeat flutter,andthe
proximityof %2 to w for someof thewings,suggestedthatthe
inclusionof highermodesin the calculationsmightresultinbetter_
agreementbetweenexperimentaland calculatedflutterspeedsat subsonic

.-—.—

Machnumbers.Calculationsof VR wereaccordinglymadeusingtheuncou-
pledfirstand secondbendingandfirsttorsionuniformcantilevermodes
forthe44’5,452,46o,and645planforms. In additibn,a four-mode
analysiswasmadefor,a fewof thepointsforthe46owing,thefourth
modebeingthethirduncoupledbendingmode. Onlythefirstbendingand
torsionmodeswereusedin the calculationsforthe &her wings.

Themeasuredfrequenciesbf thepredominantlybendingmodeswere
..—

takento be theuncoupledvalues,exceptforthe245wing,whereasthe
measuredfrequenciesof thepredominantlytorsionmcdeswereadjustedto

—
v

theuncoupledvalues.For allthewingsexceptthe 2~5,theuncoupled
torsionfrequencywas inferredfromthe coupledvaluesby the simplified
formulagivenin reference4 and inthe 9ymbolssectionherein. Since
thevibrationmodesof the245wingwerehighlycoupled,theuncoupled
torsionandbendingfrequenciesweredeterminedfromthemeasuredcoupled

.’valuesforthiswingby meansof a Rayleigh-typeanalysisin whichthe
firstthreecoupledwingmodeswereexpre8sedin termsof theuncoupled
firstand secondbendingandfirsttorsionmodesof a uniformcantilever
beam. A numbercf calculationsindicatedthat,in co~arisonwiththe
moreelaboratemethodemployedforthe 245wing,the simplifieduncoupling
formulaof reference4 wasentirelyadequateforthe otherwings.

RESULTS

GeneralComments
*

Visualobservations,examinationof high-speedmo%ion-picturefilms
and oscillographrecords, and comparisonof flutterfrequencieswith ‘- v
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naturalfrequenciesindicatedthattheflu’tterobtainedin thetestswas
ofthe classicalbending-torsiontype. The wingoscillationsat flutter,
however,didnotnecessarilyshowa continualincreasein amplitudewith
increasingtime,but ratherreacheda constantamplitude.It was also
notedthatthefluttercharacteristicsof thewingsat subsonicspeeds
differedfromthoseat supersonicspeeds.Flutterat highsubsonicMach
numbers,near0.85,occurredwitha relativelylargeamplitudeand low
frequency,whereasat supersonicMachnumbers,near1.3,the flutter
occmredwitha lowersmplitudeanda higherfrequency.

Thebeginningof flutterwasnotalwaysas easilydefinedas that
shownin figure11,particularlyat supersonicspeeds. Inmanycases,
the osci.llographrecordsrevealeda periodof intermittentsinusoidal
oscillationsinbothbendingandtorsionfollowedby a periodof steady
continuotisflutteras thetunnelconditionsapproachedand crossedthe
flutterboundary.A sampleoscillographrecordof oneof thetestruns
showingthiskindof behavioris shownin figure12. For thisparticular
testrun,thebeginningof a periodof intermittentsinusoidaloscil-
lationsinbendingandtorsionmightbe chosennearpointC forbothwing
panels.At pointD, the oscillationsof the rightwingbecomenearly
sustainedandthe frequenciesin bendingandtorsionappearidentical
so thatpointD is definedas a flutterpoint. The oscillationsof the
leftwing,however,remainintermittentin characteruntilpointE is
reached.For casessuchas thatillustratedin figure12,a clear-cut
distinctionbetweentheperiodof intermittentoscillationsandthe start
of flutterwas difficultto make.

Forthosecasesinwhichflutterdidnot exhibita clearlydefined
start,time-historystudiesof thefrequenciespresentin thebendingand
torsionoscillationsweremadeto assistin definingthe flutterpoint.
Thesestudiesconsistedof envelopesof the frequencyspectrain bending
andtorsionplottedagainsttunneldynamicpressure.As an exsmple,a
frequencystudywasmadeforthetestrecordshownin figure12 and is
presentedin figure13. The frequencyvaluesat eachbbeled pointin
figure12 weredeterminedby countingthe oscillationsovera shortperiod
of time (about0.01second)at severalvaluesof timebeforeandafter
the chosenpointandareindicatedin figure13 by correspondingletters.
Any onefrequencywhichseemedto predominateamongthevariousvalues
obtainedis shownas thepredominantfrequencyin figure13,andthe
highestandlowestfrequenciesobtainedare shownas theboundariesof
the frequencyenvelope.Sincethe oscillationswerecountedovera short-
timeinterval,thereis somedegreeof judgmentinvolvedandthe fre-
quencyvaluesshownshouldbe consideredas onlyapproximate.Thepoints
wherethepredominantbendingandtorsionfrequenciesfirstbecomeequal,
as shownby pointsE andD on figures13(a)and (b),respectively,are
definedas flutterpoints.Thepointsof initialoverlappingof the
boundariesof the frequencyspectrain bendingandtorsion(pointC in
figs.K? and13)arearbitrarilydefinedas thebeginningof periodsof
intermittentsinusoidaloscillationswhichin thispaperarecalledlow-
dampingregions.Theseperio terpret~d-asregionsof
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uncertaintyinwhichthewingmay ormay nothavebeenfluttering.Some
indicationof thebeginningsof thelow-dampingregionsin relationto
the,pointsof flutteris giveninthelater-figuresof thispaper. It
shouldbe notedthattheamplitudeofthe intermittento@cill.ations
experiencedby themodelsprecedingflutteris dependentupontheaero-
dynamicand structuraldampingof.themodelsandupon–themagnitudeand
frequencyof theexcitingdisturbancesexperiencedby themodels. Since
tunnelturbulence,no doubt,providesrnost.’oftheexcitationexperienced
by themodels,themagnitudeof the intermittentoscifiationsobserved
on themodelsprecedingflutteris probablynotrepre&-entativeof what
wouldbe obtainedin freeair.

Inmanycases,thetwopanelsofthe s“amemodeldidnotflutter
simultaneously.Thiswas quiteprobablydueto differencesinphysical
properties,not+ablythenaturalfrequencies,betweenwingpaneh. In
thosecases,separateflutterpointsarepresentedforthe startof flut-
terforeachpanel. Itwasalsonotedthatmorethan~oneflutterpoint
frequentlyoccurredduringa,singlerun. The reasonforthisbehavior
is illustratedin figure9 whichshowsthatfora giventunnel-orifice
condition(inthiscase,the M = 1.25 orificewas installed),the
tunnel-operatingcurvecanintersecttheflutterbound=rycurveof a
wingat morethanonepoint. Forthe exampleof figure9, threeflutter
pointswouldbe obtainedduringtherun (pointsA, B, andC). In such
cases,eachof thepointsis presededin the data.

PresentationofResdts

The resultsof the investigationarepresentedintable11 andare
plottedin figure1~. TableII containsthe resultsof theoretical
calculationsandexperimentswithsomeindicationof thedifferentmodels
employed,thebehaviorof eachwingpaneld~ing a particulartestrun,
andvaluesof thepertinentflutterparameters.Column1 givesthe
identificationnumbersof themode16employe’din obtainingthe data. A
modeldesignationof reference2 in columnl-indicatesthatthedataare
takenfromreference2 in whichno recordwas keptofThe numbersof
individualmodelsof the m?neplanformand-construction.columns2
and3, respectively,showtherunnumberandthe chronologyof thedata
pointsduringa particularrun. (A singlerun ia definedas oneoperation
of thetunnel,startingwiththeopeningof thevalves.-andendingwith_
the closingof thevalves.)For example,fora given~un in column2,
a designationof 1, 2, 3, . . . in column3 refersto thefirst,second,
third,. . . datapointobtainedduringtha~run. C!olumns.4and5 con-
taina codesystemdescribingthebehaviorof eachwingpanelat each
datapoint. The following
points:

designationareusedto describethe data
—
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.
N no flutter

4 F flutter

D 10Wdamping

G straingagesinoperative

E end of flutterwithdynamicpressureincreasing

x wingpaneldestroyedor not in~talled

Subscripts1 or 2
secondoccurrence
example,a series
codedas follows:

attachedto thesedesignationsreferto thefirstor
of flutteron thepanelduringa
of datapointsobtainedduringa

Run Point Left Right

3 1 F1 F1
2 El El

3 D2 D2
4 F2 D2

5 F2 F2

13

particularrun. For
givenrunmightbe

Then,fromthisexample,it willbe Seenthatduringthisrun: at point1,
bothpanelsstartedto flutterforthefirsttime;at point2, bothpanels
stoppedfluttering;at point3, bothpanelsexhibitedbehaviorwhichhas
beenpreviouslydefinedas lowdamping;at point4, the leftpanelflut-
tereda secondtimeduringtherunbutthe rightpanelcontinuedlow-
dampingbehavior;andat point5, the rightpanelfluttereda secondtime
whiletheleftpanelcontinuedto flutter.

Presentedin figure14 arethe resultsof the investigationin the
formof plotsof the ratioof experimentalto calculatedflutterspeed
Ve/VR as a functionofMachnumberforthevariousplanformstested.
The low-dampingregionsare indicatedon theseplotsby dottedlines
extendingfromthebeginningof the low-dampingperiodto thepointof
definiteflutter.The directionof thesedottedlinesis indicativeof
themannerin whichthe speedandMachnumbervariedas the fluttercon-
ditionwasapproachedduringthetunneltests. Thepointsindicating

, flutterare shownon theplotsby meansof plainsymbols.Thepoints
showingthe endof a flutter
of shadedsymbols.

v’

periodare indicatedon theplotsby means
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Thefollowingparagraphscontainsomegeneralcommentsconcerning
the datapresentedin figure14 foreachof theplanformsand,in a few
cases,someobservationsregardingthebehaviorof the
tests. It shouldbe notedthatallthedatapresented
werereexaminedforpresentationinthispaper;hence,
may differin detailfromthose‘previouslypresented.

wingsduringthe
in reference2
someofthe data

24>planform.-Thedatapresentedhereinforthe245wings(fig.
14(a)andtableII(a))aretakenentirelyfromreference2. It shouldbe
notedtheaspectratioof thisplanformis 2.4insteadof 2 as previously
reported.Low-dampingperiodsc~tidnotbe determinedwithanydegree
of certainty,becauseitwas impossibleto distinguishseparatebending
andtorsionfrequencieson the flutterrecords.Thisdifficultywas due
to thepoororientationof the straingageson thiswing,resultingin
flutterrecordswhichshowedoriLybendingoscillations.Consequently,
thedatapointspresentedrepresentonlydefiniteflutterpoints,but
theydo notnecessarilyidentifythepreciseflutterboundaryforthis
wingbecauseof thedifficultyin determiningtheexactstartof flutter.
All calculationsof thereferenceflutterspeedsweremadewitha two-
modeanalysis.

w“-
The datapresentedhereinforthe”400wings

(fig.1 b andtableII(b))includetheresultspresentedin reference2
andthe resultsofmorerecenttests. Considerabledifficultywas encoun-
teredin obtainingflutteron thesewingsbecauseof a tendencytoward
staticdivergence.Duringtheattemptsto obtainflutter,severalof
thesemodelsdivergedto destructionbeforefluttering.All calculatimB
of thereferenceflutterspeedsweremadewitha two-modeanalysis.

ure:-
.-All thedatapresentedforthe 430wingsin fig-

andtableII(c)wereobtainedduringthisin~estigation.The
datawereobtainedon fivemodels,thephysicalparametersofwhichare
givenin tableI(c). All calculationsof thereferenceflutterspeeds
weremadeusinga two-modeanalysis.

v
.-Thedatapresentedforthe4-45wi&s in figurelk(d)

andtableII d includethedatapublishedin reference2 anddata
obtainedfromthepresentinvestigation.The newdatawereobtainedon
twomodels,thephysicalparametersof whicharegivenin tableI(d).
Thesenewdatawereobtainedin orderto providea clarificationof thq
effectofMachnumberon theflutter-speedratiointhe supersonic,.speed
range. Allthe calculationsof thereferenceflutterspeedspresented_
in figure14(d)andtableII(d)weremadeusinga three-modeatilysis.

Allthedataforthe452wingspresentedin fig-
ure ~_~-II(e) werepublishedpreviouslyIn–reference2. In
additionto reexaminationof thesedata,the calculationsof the reference
flutterspeedswererevisedusinga three-modeanalysis.

..

?

—
v
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-YP”- The datapresentedforthe460wingsin figure14(f)
●

andtable11 f includethedatapublishedin reference2 anddataobtained
duringthisinvestigation.Thenew datawereobtainedin orderto clarify
the locationof theflutterboundaryin the subsonicspeedrange. The
flutterobtainedon thisplanformin the subsonicspeedrangewasvery
violentandfrequentlycausedthe Compreg-woodwingsto crackwithinthe
fuselageblockneartheroot. Ignoranceof the existenceof sucha con-
ditionmay explainthetwopointsat M = 0.83 whicharebelowthe curve
in figure14(f). Thecalculationsof thereferenceflutterspeedswere
madeusinga three-modeanalysis.

645planform.-A.11of thedatapresentedforthe~~ wingsin fig-
ure 14(g)andtableII(g)werepublishedpreviouslyin reference2. It
shouldbe notedthattheaspectratioof thisplanformis 6.4instead
of 6 as previouslyreported.Tn additionto reexaminationof thesedata,
the calculationsof thereferenceflutterspeedswererevisedusinga
three-modemalysiso

DISCUSSION

Effectsof Sweepon theFlutter-SpeedRatio

The effectsof sweepbackangleon thevariationof theflutter-speed
ratiowithMachnumberare shownin figure15 forwingswithaspect
ratioof 4 and sweepbackof 0°,30°,45°,52~u,and600. Thisfigure*
showsthefairedcurvesof figure14 fortheappropriateplanforms.
Examinationof figure15 showsthattheresultsobtainedfromthisinves-
tigationare similarto thosegivenin reference2 in that Ve/VR iS
near1.0for subsonicMachnumbers,Ve/VR increaseswithMachnumber
for supersonicMachnumbers,andthe effectofMachnumberon Ve/VR iS
considerablyreducedforwingswithlargesweepback.Figure15 shows
thattheflutter-speedratioincreasesas the sweepbackangleis increased
from0° to 30°;furtherincreasesin the sweepbackanglefrom30°to 600
are shownto resultin a progressivereductionintheflutter-speedratio
to valueswhicharenear1.0throughouttheMachnumberrangeforthe
600sweptbackplanform. Contraryto the resultsreportedin reference2,
the dataforthe unsweptwingsare seento fallbelowthe curveof Ve/VR
plottedagainstMachnumberforthe45° sweptwingsat supersonicspeeds.
The differencein thetrendsshownhereinas comparedto thoseof refer-
ence2 resultsfromthemorecompletedatapresentlyavailableforthe
45° sweptwingsandnotfromanybasicchangein the datafortheunswept. wings. On the otherhand,difficultywasexperiencedin obtainingflut-
ter on someof themodelsof theunsweptwingbecauseof a strongtend-

W encytowardstaticdivergence.Theprobabilitythereforeexiststhatthe
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flutterboundaryofthewingmay havebeenaffected~y the divergent–
_-

tendencies. In anycase,thereappearsto-bea needforfurtherstudy
——

of low-aspect-ratiounsweptwingsandtheeffectof variationsin sweep
X.

anglebetween0° and30°.

EffectsofAspectRatioon theFlutter-Spe-edRatio

The effectsof aspectratioon thevariationof theflutter-spee~
ratiowithMachnuaherare8hownin figure”~6forwingswithsweepback
of 45°andaspectratiosof 2.4,4, and6.4. Thisfigureshowsthe
falredcurvesof figure14 fortheappro~riateplanforms.

Figure16 showsa largeincreaseinflutter-speetlratioat thehigher
supersonicMachnumbersinvestigatedas theaspectratiois reducedfrom
6.4to 4. Itwillbe notedthata similarlargeticreasein flutter-speed
ratiois shownin the subsonicregionas theaspectratiois reduc~d
from4 to 2.4. Thisfairlylargeincreasein flutter-speedratiowhich
accompaniesa reductionin aspectratiofrom4 to 2.4is probablydue,at
leastinpart,to inadequaciesintheaerodynamiccoefficientsemployed
in thereferenceflutter-speedcalculations,althoughotheruncertainties
ariseintheattemptto treatthe 245wingas a simplebeam.

- EffectsofAdditionalModeson theReferenceFlutterSpeed

Theresultspresentedin reference2 showedthat‘forcertainof the
planformsthevaluesof thereferenceflutterspeedsobtainedusingtwo
modesinthe calculationstendedto be toohigh,thusyieldingpooragree-
mentbetweencalculatedandexperimentalflutterspeeds.Consequently,
inthepresentpapercalculationsof thereferenceflutterspeedswere
madeusingthreemodesforthe445, 452,46o, and645planformsin an
attemptto improvetheagreementbetween Ve and VR. A comparisonof’
the flutter-speedratioscalculatedwithtwomodesandwiththreemode6
is shownin figures17 to 20. In allcases,theadditionof a thirdmode,
the seconduncoupledbendingmode,is seento resultin reducedvaluesof
thereferenceflutterspeedsandcorrespondingimprovementsin thea~ee-
mentbetween Ve and VR at subsonicMachnumbers.dt willbe noted
fromfigmes 17 to 20 andtableI thattheeffectOf theadditionof a- _
thirdmodeis relatedto theratioof second-bendingto firsttorsion
frequency.Withintherangeof thewingsconsideredherein,the lower
the secondbendingfrequencywithrespectto thefirsttorsionfrequency,
the greateris theeffectoftheadditionof a thirdmode. Theaddition
of a thirdmodeis seento haverelativelylittleeffe~tin thecaseof
the445wing. Sincetheratiosof secondbendingto firsttorsionfre-
quenciesof the400,430,and245wingswereevehhigherthanwasthe
caseforthe445wing,onlytwomodeswereusedin theanalysisof these
wings. Theadditionof a fourthmode,thethirduncoupledbendingmode,

v

—

.

‘-
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.
to the calculationsforthe~ wingis seenin
or no effecton thereferenceflutterspeed.

<

1’7

figure19 to havelittle

./--’-
Applicationof theFlutter-SpeedRatio

As pointedoutin reference2, cautionshouldbe exercisedin
applyingtheflutter-speedratiosto the de~,erminationof the flutter
speedof wingswhichhavevaluesof ~/~, ~, a, ra,and p much
differentfromthosewhichcharacterizethe tingsof thepresentinves-
tigation.It mightbe hopedthatthereferenceflutter-speedcalcula-
tions,as obtainedinthepresentpaper,haveadequatelyremovedfrom
the resultsthe effectsof suchvariablesas the center-of-gravityposi-
tion,andthatthe curvesof Ve/VR againstMachnumberarea function
of planformonly. It is notentirelyevident,however,thatsuchis
the caseand it isthoughtthatfurtherinvestigationof particularwing
planformshavingdifferentvaluesof thevariouspertinentparameters
whichareusedin the referencespeedcalculationarerequiredin order
to establishtheapplicabilityofthe resultsobtained.

ModifiedExperimentalFlutter-SpeedCoefficient

In orderto providesomephysicalideaof the relationshipbetween
wingtorsionalfreqy.ency,flutterspeed,andfluttermass-densityratio,
figure21hasbeenprepared.In thisfigure,fairedcurvesof an exper-
imentalflutter-speedcoefficientcorrectedformass-densityratio

w ‘e~s%~ are shownas a functionofMachnumberforalltheplanform&
tested.Thevaluesof the experimentalflutter-speedcoefficient,its
components,andthevaluesofWch numberusedto obtainthe datapoints
throughwhichthefairedcurvesof thefigurearedrawnweretakenfrom
tablesI andII. It shouldbe notedthatcurvesof theparameter
‘ePs% E againstMachnumberimplicitlycontaimthe effectsof such
importantparametersas radiusof ~ation, center-of-gravityposition,
andfrequencyratio. The dataof figure21 indicate,exceptforthe
245wing,a spreadof about30 percentin theparameter‘e/bs%~ at
subsonicspeedswiththe400winghavingthehighestandthe 46owing
the lowestvalues.For a givenmassratio,wingchord,andtorsional
frequency,theflutter-speedcoefficientsforthe 245wingare inthe
orderof twiceas greatas thatof any of the otherwings. In general,
thevariationof Ve/b~~ withMachnumberseemsto be aboutthe
sameas thevariationof flutter-speedratio Ve/VR withMachnumber.
(Seefigs.15 and16.)

●

An interestingapplicationof figure21may be seenif,fora given

w planform,the coefficient‘e/bs%~ is evaluatedandplottedagainst



Machnumberforvaluesof v~, ~, and ~
conditionsratherthanflutterconditions.
cationare shownin fimre 22,inwhichtwo
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.-
correspondingto flight .
Someresultsof suchan appli- ..
exampleflightpathsare

shownin relationto theflutterboundaryforthe445planform. The
straight-lineflightpathindicatestherelationbetweenvelocityand
Machnumberforconstantaltitudeoperation,withthe slopeof theline
beinggivenby alb& ~U (Thespeedof soundcorrespondingto the
givenaltitudeiG givenby a.) The fligh:pathindicatedby the curved
dashedlinecorrespondsto a high-speeddive. Any intersectionsof these
flightpathstiththeflutterboundaryof theplanfgrmconsideredindi-
catea fluttercondition.It shouldbe notedthatzforconstantaltitude
operationof a planfor?iwhoseflutterbouhdaryis c~racterizedby a
“knee,”as at A in figure22,theminimumaltitudeat whichthewing
willbe flutterfreethroughouttheMachnumberrangeforwhichdataare
giveni.athealtitudecorrespondingto the straight-lineflightpath
whichjustmissesthekneeof theflutterboundary.Forwingssuchas
the46o,however,no kneeexistsin theflutterboundaryshownin fig-
ure21,at leastwithinthe scopeof thedatapresented.Therefore,any
constantaltitudepathplottedforthe46oplanformon figure21 wifi
intersectthe46oflutterboundaryat someMachnumber.If,foranyof
theplanformsshownin figure21,a high-speeddiveis executed,an
intersectionwiththeflutterboundarymay occurat thehighestMach
numbersforwhichdataaregiven,evenforwingswhoseflutterboundaries
are characterizedby kneesinthetransonicrange.

CONCLUSIONS

.
—

v

Theresultsof an investigationof someof thee~fectsof wingsweep
andaspectratioonthe fluttercharacteristicsof a seriesof thincanti-
leverwingsat transonicspeed6indicatedthefollowingconclusions:

1. Thevariationof flutter-speedratiowithltac~-numberwas charac-
terized,inmostcases,by flutter-speedratiosnear1.0at Machnumbers
near0.8,andan increasein flutter-speedratioin the supersonicregion
up to Machnumbersnear1.4.

2. Therateof increaseof theflutter-speedrat~owithMachnumber
in the supersonicregionincreasedas the sweepanglewas increasedfrom
00 to 300,andthenprogressivelydecreasedas the sw=epanglewas
increasedfrom300to 600.

3. Reducingthe
sivelylargervalues
numberrangeof this

aspectratiofrom6.4to 2.4resultedin pro~es-
of theflutter-speedratiothroughoutthekch G
investigation.

w
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.
4. Theuse of theseconduncoupledbendingmcdein additionto the

uncoupledfirstbendingandtorsionmodesin thereferenceflutter-speed
● calculationsresulted,inmanycases,inbetteragreanentbetweenthe

calculatedandexperimentalflutterspeedsat subsonicMachnumbers.

LangleyAeronauticalLaboratory,
NationalAdtisoryCommitteeforAeronautics,

IangleyField,Vs.,September9, 1955.
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Parameter

NACAsectior
A

A, deg
L

PanelL
span,ft

‘g
1, ft

br, ft
bs,.ft

TABLE1.. .P~ICAL PROPERTIES

(a) 245PlanForm

Modelof
Ref.2
65A004

2.4
45
0.6
0.685
0.808
0.91
0.306
0.129
0.183
0.023

I14CARM L55113a

OFMODELS

n
%

3.05 -0.64
.15 -.66
.25 -.68
● 35 -.70
.45 -.72
● 55 -.74
.65 -.76
● 75 -.78
.85 -.80
● 95 -.82

Modelof Ref.2

a rap

0.53 0.66
● 55 .69
● 57 .72
● 59 .74
.61

● 77
.63 .83
.65 .83
.67 .86
.69 .89
.71 .92

Frequency ModelofRef.2
Leftandright

fh
1 135

‘% 630

ft 1 425

‘bl 149

‘b2 519

‘al 265

(%lflal)p 0.3161

(~#’h)2 3.836

“’d

m

0.00217
.00207
.00198
.00189
.00179
.00170
.00161
.00152
.00143
.00134

e I

10.9&25.95275
● 92125
.88975
.85825
.82675
.79525
.76375
.73225
.70175

.

w
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TABLE1.- Centinued

(b) 400~hn FO?311

I I 1w
A, deg o

L 0.6
PanelA 0.657

span,ft 1.142
‘g 1.65

1, ft 0.445
%, ft 0.163
‘b~, ft 0.163

g~ 0.02

21

II lModelofRef.2;Modelno.1 I

0.05 0.14
.15 .I_2
.25 .11
.35 .09
.45 .08
.55 .06
.65 .05
.75 .03
.85 .02
.95 .004

-0.23
-.22
-.21
-.19
-.18
-.16
-.15
-.13
-.11
-.10

0.24 0.007380.98285
.25 .00716 .948>5
.26 .00671 .91425
.27 .00617 .87995
.28 .00563 .84565
.28 .00509 .8u35
.28 .00455 *77705
.27 .00400 .74275
.25 .00345 .70845
.24 .00291 .67415

FrequencyModelofRef.2 Modelno.1
Leftad right LeftRight

fhl 147 147 154

“% 630 680 725

f t ~ 407 390 404

‘al 402 385 399

EauLkda
,

.
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(c) 430PlanFom

Model no. 1 (right) 1

+

Wmet= Models1,p:
3,4, and:

WA section qool+
A

A, deg 30
k 0.6

I

%

0.09
.09
.07
.@
. ok
.U2
.01

-.002
-, CQ
-,03

a

-0.16
-.15
-.14
-.12
-.I.1
-.10
-.08
-.07
-.06
-.d+

2
~a

0.22
.23
.23
.23
.24
.24
.24
.24
.24
,22

m

1.008.54
.w)78L
.oo~8
.0+%58
.C05cX2
.m%
.00510
. CQ470
. c@32
. CX)394I

e

O.9&85
.$JL@yl
.9142>
.87995
.84565
.81L35
.77705
. 742~
.70845
.67415

0.05
.15
.25
.35
.45
.55
.65
.75
.85
.951

Panel k 0.657
span, r-t 1.142

%
1.65

1,ft 0.515
%, ft 0.149
b~,i% 0.163

0.036

— —
Model no. 1

7

2
*

98

470

340

339

0.0834

1.9221

ito de
Left

103

525

342

341

0.0911

2.3704

no. 3
Right

102

520

3W

349

0.0853
2.2201

Mode
Left

102

510

328

327

o.~

2.4324

no. 4
Right

98

510

342

341

0.0825
2.2368

B-&

103

483

340

339

0.0922

2.0048

ifOdG
Ikft

10-2

508

370

369

0.0763
1.8953

Mode
kft

102

470

350

349

0.0853

1.8136

501 49

3P 339

i

349 338

0.09390.1020
2.06072.17%

9.
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‘.mxmek

ACA aectior
A

A, deg
L

Panel k
span, ft

‘g
1, ft

br, ft

ba, fi

a

~
.odeleo
Ref. 2,
lamd2

65Aook

4;
0.6
0.657
1.142
L 65
0.630
0.123
0.163
0.030

I
n

1.05
.15
.25
.35
.45
.55
,65
.75
.85
.95

TARLE I.- Continued

(d) 445PlanFom

J3.02
.01
.04
.07
.09
.12
.15
.17
,20
.23

Model Of Ref. 2 I

B

-0.07
-.10
-.13
-.15
-.18
-.21
-.24
-,26
-.29
-.32

).22
.22
.23
.24
.24
.25
.26
.26
.27
.28T

m %

0.005610.037
.M1527 .030
.LX)493.(X23
.CK1458.016
.cm424 .039
.c0389 ,002
.00355-.W
.00321-.ow
.002% -.018
.Owy -.025

I 1 .
Frequency Modelof Ref. 2 Mode

Left and right Left

fh 83 67

‘< w 357
ftl 370
‘al

356
361 336

(%#’%~)* 0.059!
&P’)2

0.0354
1.638 l..@

HO. 1
Right

64

367

342
342

0.0350
1.151

Model no. 1

a

-o.K17
-.1.10
-.102
-.095
-.088
-.082
-.074
-.067
-.060
-.033

Mode
Left

78

399

389
389
0.0402
1.053

T
2

‘a m

0.233 O:o:&3;
.234
.235 .00576
.236 .c0516
.237 .(X3472
.238 .00435
.239 .03407
.24C .@3382
.241 .00361
.242 .00343

No. 2
Right

73

387

378
378
0.0373
1.c-49

1

1[
).982@
.94855
.91425
.87595
.%565
.811jP
.77705
.T42~
.70855
.67417
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TABLE 1.- Continued

(e) 4>2PlanForm

NACAW L>5113a

.

ParameterModelof
Modelof Ref.2

Ref.2 n
% a %2 m 6

NACAeection 65A~4
A

A, deg 52.5 0.05 0.37 -0.44 0.27 0.00.5730.98285
k 0.6 .15 .30 -*37 .27 .00538 .94855

PanelL O.657 .25 .24 -.31 .29 .00503 .91h2>
span,ft 1.142 ● 35 .17 -.24 .32 .00468 .87995

1.65 .45 .11 -.18 .29 .00433 .84565
% .55 .04 -.11 .27 .00398
2, ft

.81135
0.732

b .65 -0.02 -.05 .27 .00363 ● 77705
r, ft 0.107 .75 -.09 0.02 .28 .00328 .74275
b*, ft 0.163 .85 -.15 .08 .30 .00293 .70845
gh 0.021

● 95 -.22 .15 .31 .00258 .67415

Frequency ,ModelofRef.2
Leftandright

f hl

‘hz

ft1

‘al

(%~/@a~)2

(Wr@+L,)2

61

300

370

366

0.0282

0.6717

,
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(f) 460Plan Foml

Parameter
e

0.98285
.944355
.91425

!odels1, 2,
31 4, and :

65Ao04

2
0.6
0.657
1.142
~.65
0.892
0.086
0.163
0.027 [

n

0.05
.15
.25
.35
.45
.55
.65
.75
.85
.95

Models 1, 2, 3jUd 4 Model no. 5

~2
B a m

0.040 0.2300.cK1730
.04$ .231 .00668
.056 .234 .W6E2
.063 .237 .00562
.on .246 .00518
.079 .257 .C0479
.oEy .252 .00442
.o% .242 .(X)4JX
.103 .235 .00355
.110 .232 .(x)305

a

T
lo %

o.cKM65-0.136
;::: -.144

-.152
,00383 -.160
.00356 -.167
.c0334 -.Ln
,00320 -.z83
.c0314 -.191
.00301 -.199
.00283 -.207

%

0.21
.14
.07
-.O(I4
-.08
-.15
-.22
-.29
-.36
-.43

Moa
H

39.5

193

.

430

421

1.c!cm

1.2101

ACA section
A

A, deg
k

Panel L
span,ft

Ag

1, f-t
br, ft

z

-0.31
-.23
-.16
-.09
-.02

.05

.12

.19

.26

.33

0.26
.24
.23
.23
.24
.27
.30
.35
.43
.51

.8793

.84565

.81_.135

.77705

.742~

J
.70845
.67415

‘requency

‘hl

~

fh
3

Tt
1

fal

:wl/%1)2

:~r+q)p

:%#’@2

Mode
Left

34.5

178

—

363

355

0.0094

0.2514

—
10.T&T -iG’z

Left

41

205

ET-r-
RQht

no. 2
Right

39.5

189

Model o. 5
Left Right

90. 1
Right

34.9

1%

510

370

362

3.M193

3.2931

L.9~

lbde:
Left

39

202

.

3P

382

).0104

).27$5

—

36.5

175

425

452

423

).0%5

).1063

).W5

43.5

210

—

421

412

3,0111

2.2798

43

225

—

435

426

0.0102

0.2789

—

37.8

178

410
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